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Caribbean is approximately US$65 216 million (4) . In Mexico, diabetes has a very high economic cost because of the high prevalence of the disease. In relation to expenditure on diabetes in 2009, an increase of 33% is expected by 2011. The total expenditure projected for that year is US$778 427 475. This amount includes direct costs (US$343 226 541) and indirect costs (US$435 200 934) (5) .
In Mexico, 52% (US$162 252 503) of medical expenses for the management of diabetes is covered by the individual, 3% is covered by private medical insurance (US$9 360 714), while 45% is covered by the government. Of each US$100 spent in Mexico for treating diabetes, there is a US$55 benefit to 10% of the population covered by the private sector, while US$45 is used to provide medical attention to 90% of the population. The aforementioned shows a great disparity in medical attention for diabetics in Mexico. This deficient medical attention leads to complications and consequently the disability and premature death of these subjects (6) .
Diabetes reduces life expectancy and is associated with few years of healthy life. In Mexico, it has been observed that subjects 50 and 80 years of age have a decreased life expectancy of 10 and 4 years, respectively. On the other hand, life expectancy without disability in diabetics at the age of 50 was 20.8 years and in nondiabetics was 29.9 years (7) .
In other countries like the United States of America (U.S.), diabetes ranked sixth as the main cause of death in the year 2000 with 69 301 deaths (8) . By the year 2005, the U.S. had 75 119 deaths due to diabetes (9). In 2007, 17.5 million diabetics were identified, and the cost of diabetes for the U.S. health system was $174 billion dollars (10) .
In Mexico, the problem is even more serious as mortality has increased since 1940; the rise has been substantial in the last four decades and in recent years it is the first cause of mortality in the Mexican population (11) . This increase in mortality from diabetes could be related to the epidemiologic transition in Mexico, which is characterized by a gradual substitution of deaths due to communicable causes for a pattern in which chronic degenerative diseases prevail (12, 13) . This epidemiologic transition has yielded a greater life expectancy, which in turn causes increased economic development, better social organization, and industrialization (14) .
Another factor that could be related to the high mortality from diabetes in Mexico, is the increased availability of processed food, which has conditioned a rise in calories consumed, derived mainly from carbohydrates, as well as a remarkable decrease in physical activity, causing an increase in the body mass index (11, 15, 16) . All these factors plus the genetic load for diabetes present in the Mexican population (17) could be contributing to the important rise in the morbidity and mortality due to this disease.
Diabetes represents an impact on the Mexican Health System, as it ranks 11th among the main reasons for hospitalization. Also, the average length of hospital stay for the diabetic patient is greater than for patients with other diseases (6.1 versus 3.5 days); in addition, it is the second cause of in-hospital mortality (11) . Forty-two percent of diabetic patients die before the age of 64 years. It is a frequent cause for seeking medical attention and in 2002 was the 10th reason for medical consultation; furthermore, after having the disease for some time, patients exhibit complications related to macro-and microangiopathy such as ischemic cardiopathy, cerebral vascular disease, renal insufficiency, and blindness among others; these complications cause disability, leading individuals to an early retirement (18) (19) (20) .
Because of the importance of diabetes in Mexico, it was decided to determine the rates of mortality nationwide, by federative entity, and by socioeconomic region as well as the predominant sex. Also, it was decided to establish the strength of the association between education level, federative entity of residence, and socioeconomic region and mortality from diabetes in the period 2000-2007.
METHODS
The records of mortality associated with diabetes for 2000-2007 were obtained from the National Information System of the Secretariat of Health. This information is generated by the National Institute of Statistics, Geography and Informatics and is collected from death certificates issued nationwide (21) . All records of mortality in which the basic cause of death was diabetes mellitus in the period 2000-2007 were included in the study; therefore, the codes of International Classification of Diseases, 10th Revision (ICD-10) (22) were identified. They corresponded to the basic cause of death from diabetes such as (E10 insulindependent diabetes mellitus, E11 diabetes mellitus non-insulin-dependent, E12 diabetes mellitus associated to malnutrition, E13 other specified diabetes mellitus, and E14 nonspecified diabetes mellitus).
Age-adjusted mortality rates nationwide (23) per 100 000 inhabitants-with the world population as the standard (24)-were obtained. The age-adjusted mortality rates per 100 000 inhabitants from each federative entity and from each of the seven socioeconomic regions (Table  1) established by the National Institute of Statistics, Geography and Informatics, were obtained (25) . The national population estimated by the National Population Council for 2000-2007 (26, 27) was used for the rate adjustment; the relative risk (RR) and 95% confidence interval (CI) for each of the seven socioeconomic regions and each federative entity of residence, with mortality from diabetes by Poisson regression, were calculated.
The seven socioeconomic regions of Mexico originate at the National Insti- The methodology used to establish the regions had the objective of forming strata with minimal variance in an attempt to group the elements that were more alike or closer to one another, following a criterion of established similarity, which allows for differentiating one region from another. Among the techniques used are Mahalonobis distances and a combination of factorial analysis and the algorithm of the K-means (25) .
The Poisson regression model was chosen to determine the force of association between federative entities, socioeconomic regions of residence, and education level with mortality from diabetes because, as a dependent variable, the number of deaths has a Poisson distribution that takes positive whole values. Poisson regression is equivalent to a logarithmic regression of mortality rates. The exponential coefficients allow for estimation of the RR of dying (28) .
All registrations were handled by the Access 2003 informatic program; all data were then transferred to the Number Cruncher Statistical System program (NCSS) 2001, by which the force of association between each federative entity and socioeconomic region of residence and mortality from diabetes was obtained by means of Poisson regression (29) . The Epidat version 3.1 program was used to determine the age-adjusted mortality rates by federative entity and socioeconomic region. (Table 2) .
RESULTS
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With Poisson regression, the strength of association between education level and death from diabetes was determined. Also, it was determined that individuals who did not complete elementary school had a higher risk of dying from diabetes (RR 2.104, CI 2.089-2.119), whereas subjects with a higher education level had a lower risk of dying as is the case for those with a college education (RR 0.184, CI 0.181-0.186) ( Table 3) .
During the period 2000-2007, the adjusted mortality rates in the federative entity tended to increase. Coahuila and Mexico City presented the highest mortality. In 2000 and 2007, the mortality rates per 100 000 for these entities were 61.6, CI 58. (Table 4) .
The socioeconomic region with the highest mortality in the study was number 7. In 2000 and 2007, the mortality rates per 100 000 observed in this region were 63.2, CI 61.6-64.7 and 80.4, CI 78.7-82.1, respectively.
The region with the lowest mortality was number 1 in 2000 and 2007. The mortality rates per 100 000 observed for this region were 31.8, CI 30.7-32.9 and 48.6, CI 47.3-49.9 (Table 5) .
The strength of association between each federative entity of residence with death from diabetes in the period 2000-2007 was determined by Poisson regression, taking Guerrero as reference, which is one of the three states less economically favored and which, along with Oaxaca and Chiapas make up region 1. The entities with the strongest association were Mexico City and Coahuila. In 2000 and 2007, the strength of association for these entities was RR 2.5, CI 2.33-2.68; RR 2.06, CI 1.95-2.18; RR 2.04, CI 1.88-2.22; and RR 1.65, CI 1.55-1.77; respectively (Table 6 ).
The federative entities with the lowest association with mortality from diabetes were Quintana Roo and Chiapas (Table 6) .
Also, the strength of association between each socioeconomic region of residence and death from diabetes mellitus was determined by Poisson regression, (Table 7) . There were 1 985 registries eliminated from the analyzed information; 664 were eliminated because age was omitted and 1 321 died before the year 2000-although the death certificate was elaborated in the period 2000-2007.
DISCUSSION
Diabetes mellitus is a disease that has increased remarkably in the last decades. In the year 2000 the standardized mortality rate per 100 000 inhabitants was 77.9 and it increased significantly over the following years to reach a rate of 89.2 in 2007 (Table 2) . Mortality from diabetes possibly will continue with a rising trend, because according to the estimations of morbidity for diabetes in the adult population in the period 1995-2025, there will be an increase of 35% in the prevalence worldwide. In developed Original research Sánchez-Barriga • Mortality from diabetes mellitus in Mexico countries, the increase will be 27%, and in underdeveloped countries it will be 48%. The projected number of Mexican diabetics by the year 2025 is approximately 11.7 million (30).
In Mexico, there were 477 036 deaths from diabetes in the period 2000-2007. Mortality was higher in women than in men (Table 2) . Similar results have been observed in other studies, with ischemic cardiopathy being the cause of death in a high percentage of the assessed population (19) .
The risk of dying from diabetes mellitus was higher in subjects who did not During the period of study, mortality rates increased significantly (Table 2) . However, there exists the possibility that mortality from diabetes was underreported in this study, because, among other factors, diabetes is a chronic disease that is associated with other illnesses such as cardiovascular disease, which can be more evident and therefore registered as the basic cause of death (34, 35) . Studies carried out in the U.S. have found a frequency of underreporting diabetes as the principal cause of death of up to 35% (36) . In Mexico, in the period 1999-2001, an underreporting of deaths of 13.7% was identified (37). Murray et al. (38) performed a study with the goal of improving the comparability of mortality statistics from diabetes between Mexico and the U.S. and identified a high possibility (RR 1.87, CI 1.81-1.92, P < 0.001) that in Mexico diabetic individuals who did not die in a hospital were given a death certificate with cardiovascular disease listed as the cause of death. Thus, it is possible that diabetes mortality reported in this study could be even higher.
In the period of the study, region 7, which corresponds to Mexico City, presented one of the highest mortality rates and the strongest association with mortality from diabetes (Tables 5 and 7) . Mexico City has one of the highest incidences of this disease among the most important cities in Latin America and the Caribbean (39) . The Health and Nutrition National Survey showed that the urban population has a higher prevalence of obesity than rural ones, and Mexico City was one of the federative entities with the highest obesity rates among the adult population in the northern states of Mexico (40) .
Obesity is the main risk factor for developing type 2 diabetes, with a 61% prevalence (41) . According to the classification by socioeconomic regions of the National Institute of Statistics, Geography and Informatics, Mexico City has the best economic situation (Table 1) as a result of technological innovations and changes. Some of these changes reduce people's physical activity and alter their eating habits (42) , which could lead to obesity and therefore to increased morbidity and mortality from diabetes. Among men and women, a high prevalence of overweight (41.3% and 36.3%, respectively) and obesity (19.4% and 29%, respectively) has been identified in Mexico. Both are related to an increased prevalence of diabetes mellitus and arterial hypertension (43) .
Other studies have shown that Mexico City has one of the highest mortality rates from diabetes in Mexico. Barquera et al. (44) performed a study with the objective of analyzing the tendencies of mortality from diabetes in Mexico from 1980 to 2000 and considered four regions: north, center, south, and Mexico City. They found 582 826 deaths from diabetes with a high proportion of women (56%). Mexico City and the center region had the highest age-adjusted mortality rates of the four regions: 76.6-82.1 and 42-78 per 100 000 inhabitants, respectively. However, other studies have revealed that in Mexico City, subjects with diabetes have a longer life expectancy (4.5 years) than in other large cities in Latin America and the Caribbean (39) .
Guerrero and Quintana Roo showed the lowest adjusted rates (Table 4 ) and a weaker association with mortality from diabetes ( Table 6 ). It has been reported that these entities have a low prevalence of obesity, which could account for the low mortality there (45) . Other studies have reported a low mortality in southern federative entities, mainly Quintana Roo (44) .
The states with greater well-being according to the classification by socioeconomic regions of the National Institute of Statistics, Geography and Informatics (Table 1) comprise those in regions 7 and 6. Of them, the former showed the highest adjusted rates (Table 5 ) and the strongest association with mortality from diabetes (Table 7) , whereas the states that comprise regions 2-6 presented a similar strength of association with mortality from diabetes but lower than in region 7, also exhibiting lower age-adjusted mortality rates.
Mexico has regions in different stages of the process of epidemiologic transition (46) and also has great disparities with regard to health services (6), education, employment, and personal income. The preceding factors could bear on mortality from diabetes in Mexico (33, 47) .
This study observed that mortality from diabetes in Mexico is high, with a tendency to increase. Mexico City as a federative entity and socioeconomic region 7 presented the highest mortality rates in Mexico and the highest risk of dying from this disease in the period of study. Thus, it is important to emphasize preventive measures such as healthy nutrition and physical activity. It is also necessary to improve medical attention in order to detect diabetes promptly as well as to treat complications in an efficient way, with the aim of improving the quality of life of these subjects and diminishing mortality. The foregoing could be achieved by applying multisectoral programs in which the main participants are health and education institutions that promote healthy nutrition, adequate physical activity, and maintaining a healthy weight.
It would also be necessary to apply government measures aimed at regulating the media as far as unhealthy food is concerned as well as at promoting physical activity, preventing development of the disease in the groups at risk, and improving glucose control in individuals at risk and in those already sick with the disease.
The limitations of this study are that ICD-10 does not have a category for diabetes and cardiovascular disease for which the mortality and the strength of association among some federative entities and socioeconomic regions in Mexico reported in this paper could be even higher.
CONCLUSIONS
In Mexico, mortality rates from diabetes increased from 77.9 to 89.2 per 100 000 in the period 2000-2007. Women had higher mortality than men. Individuals who did not complete elementary school had a higher risk of dying from diabetes (RR 2.104, CI 2.089-2.119). Mexico City as federative entity and socioeconomic region 7 presented the strongest association with mortality from diabetes.
Objetivo. Determinar las tendencias de mortalidad por diabetes mellitus en México, en función de cada entidad federativa, región socioeconómica y sexo, y establecer la relación entre el nivel de educación, la entidad federativa de residencia y la región socioeconómica, y la mortalidad por diabetes durante el período 2000-2007. Métodos. Los datos de mortalidad asociada a la diabetes correspondientes a los años 2000 y 2007 se obtuvieron del Sistema Nacional de Información de la Secretaría de Salud; esta información es generada por el Instituto Nacional de Estadística y Geografía a partir de los certificados de defunción. Se determinaron los códigos de la Clasificación Internacional de Enfermedades, 10. a Revisión, que corresponden a la diabetes mellitus como principal causa de muerte. Se calculó la mortalidad por entidad federativa y región socioeconómica, junto con la fuerza de asociación (mediante la regresión de Poisson) entre la entidad federativa de residencia, la región socioeconómica y el nivel de educación, y la mortalidad por diabetes. El Instituto Nacional de Estadísticas y Geografía agrupa las 32 entidades federativas en siete regiones socioeconómicas conforme a los indicadores relativos al bienestar, tales como educación, ocupación, salud, vivienda y empleo. Resultados. Las personas que no finalizaron la escuela primaria están expuestas a un riesgo mayor de morir por diabetes (riesgo relativo [RR] 2 104; intervalo de confianza de 95% [IC] 2 089-2 119). La asociación de mayor fuerza con la mortalidad por diabetes se registró en la ciudad de México (RR 2,5; IC 2,33-2,68 en el 2000; RR 2,06; IC 1,95-2,18 en el 2007) y en la región socioeconómica 7 (RR 2,47; IC 2,36-2,57 en el 2000; RR 2,05; IC 1,98-2,13 en el 2007). Conclusiones. Las tasas de mortalidad aumentaron de 77,9 a 89,2 por 100 000 habitantes en el período 2000-2007 y fueron más altas entre las mujeres que entre los hombres. Las personas que no finalizaron la escuela primaria tuvieron un riesgo mayor de morir por diabetes (RR 2,104; IC 2,089-2,119). La entidad federativa de la ciudad de México y la región socioeconómica 7 presentaron la asociación de mayor fuerza con la mortalidad por diabetes. Diabetes mellitus; mortalidad; clase social; México. 
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